Benznidazole (BZN) is the main trypanocidal drug used to treat Chagas disease, and the evidence supporting the benefits of BZN use during the chronic phase of the disease will favor its use in millions of individuals. However, more than 30% of patients treated with BZN may suffer adverse drug reactions (ADRs), and the development of tools to identify those patients at risk is highly desirable. In the present study, we aimed to identify predictive factors for ADRs in Chagas disease patients treated with BZN. Among 195 patients included in the study, 48.7% experienced ADRs and 31.3% had ADRs that caused BZN treatment discontinuation. Overall ADRs and ADRs that caused BZN treatment discontinuation were more common among women and in those who graduated from elementary school. Overall ADRs were also less frequent among black individuals. Based on logistic regression analysis, female sex (odds ratio [OR], 2.9; 95% confidence interval [CI], 1.5 to 5.4), graduation from elementary school (OR, 2.0; 95% CI, 1.1 to 3.8), and white (OR, 5.0; 95% CI, 1.0 to 24.1) and mulatto (OR, 5.6; 95% CI, 1.1 to 28.7) races were considered to predict overall ADRs, and female sex (OR, 2.3; 95% CI, 1.2 to 4.3) was considered to predict ADRs that caused BZN treatment discontinuation. Graduation from elementary school also presented a tendency to predict ADRs that caused BZN treatment discontinuation (OR, 1.8; 95% CI, 0.9 to 3.6). The logistic regression (LR) models to predict ADRs to BZN described in this study may become important tools to minimize ADRs and improve patients' compliance and thus assist physicians treating patients with Chagas disease with BZN. E ven 100 years after it was first reported (1), Chagas disease remains a serious public health problem in Latin America, with a high social and economic burden (2, 3). Moreover, the prevalence of Chagas disease is increasing, mainly due to migration, in countries where it is not endemic, such as the United States and European countries (4-7).
ven 100 years after it was first reported (1), Chagas disease remains a serious public health problem in Latin America, with a high social and economic burden (2, 3) . Moreover, the prevalence of Chagas disease is increasing, mainly due to migration, in countries where it is not endemic, such as the United States and European countries (4) (5) (6) (7) .
Benznidazole (BZN) is the main trypanocidal drug used to treat Chagas disease (8, 9) , and the parasitological cure rate when patients are treated with BZN during the acute phase of the disease is almost 80% (10, 11) . Although BZN effectiveness during the chronic phase of the disease remains uncertain (12) (13) (14) , there is compelling evidence supporting the beneficial use of BZN even during the chronic phase of Chagas disease (13, 15) , and some international guidelines are now advocating the use of BZN even among adults with chronic disease (16) (17) (18) . However, adverse drug reactions (ADRs) occur in 30% to 87% of the patients treated with BZN (19) (20) (21) , and 12% to 29% of patients fail to complete their full course of treatment (19) (20) (21) . Therefore, the development of tools to identify patients with high probabilities of developing ADRs to BZN is highly desirable, as this strategy would improve compliance to BZN treatment and minimize complications (21, 22) .
Logistic regression (LR) is a method often used to predict outcomes in health studies (23, 24) , and it can be used to identify which variables are associated with the occurrence of ADRs to BZN. Therefore, the present study aimed to identify predictive factors for ADRs and ADRs that caused BZN treatment to be discontinued among patients with chronic Chagas disease treated with BZN.
MATERIALS AND METHODS

Patients and procedures.
The present work is a single-center retrospective cohort study based on data collected from medical records of patients monitored at the Evandro Chagas Clinical Research Institute (IPEC) in December 1986 and October 2011. IPEC is a national reference center for treatment and research in infectious diseases and tropical medicine in Brazil. This study was approved by the local Institutional Review Board under number 0016.0.009.000-07.
From a total of 1,815 patients with Chagas disease, diagnosed by two simultaneously positive serological tests (enzyme-linked immunosorbent assay and indirect immunofluorescence), 228 received BZN treatment and were included in the present study. Of these, 33 patients were excluded from analysis due to the concomitant use of other medications during BZN treatment. The final studied population consisted of 195 individuals whose medical records were reviewed using a specific research form. The variables collected were sex, age, schooling, race, daily dose of BZN, treatment duration, treatment interruption due to ADRs related to BZN, use of other drugs prior to BZN treatment, and causality of ADRs. Race was self-reported by the patient. All patients who received BZN treatment were monitored monthly at our outpatient service throughout the duration of the BZN treatment. All patients were also advised to seek medical attention immediately in case any symptoms appeared. As the current recommended dose for BZN was not standardized at the time most of the patients were treated, the BZN regimen used depended on the experience of the physician who was accepting new patients at our outpatient service. The most-used regimen was a fixed BZN dose of 200 mg/day. After the publication of the Brazilian Consensus on Chagas Disease in 2005 (16), the 5-mg/kg/day regimen was adopted by all attending physicians of our outpatient service.
The independent variables in the present study were categorized as follows: sex (male or female); age (13 to 20, 21 to 40, and Ͼ40 years); schooling (failed to graduate from elementary school/illiterate or graduated from elementary school); race (black, mulatto, or white); daily dose of BZN (50 to 200 mg/day or 250 to 500 mg/day), treatment duration (Յ30, 30 to 60, or Ն60 days), treatment interruption due to ADRs related to BZN (yes or no), and use of other drug prior to treatment with BZN (yes or no). The assessment of causality of ADRs (dependent variable) was performed by the application of the Naranjo's algorithm (25) , the results of which depended on the compatibility of the time elapsed between the drug use and the reaction onset, the nature of the event and the pharmacological characteristics, and medical or pharmacological plausibility. This algorithm is composed of 10 questions with three possible answers: positive ("yes"), negative ("no"), or unknown ("not sure"). Based on the scores yielded by the algorithm, ADRs were classified as absent (score of Ϫ3 to 0), possible (score of 1 to 4), probable (score of 5 to 8), and definitive (score of Ն9). The two outcomes of interest in this study were overall ADRs and ADRs that caused BZN treatment to be discontinued. The presence of ADRs was established when the Naranjo's score was Ͼ1 (22) . The use of Naranjo's algorithm is limited by the difference in the interpretation of some questions by different investigators (26, 27) . The WHO adverse reactions terminology (WHO-ART) was used to code and classify ADRs (28) .
Data analysis. A statistical analysis was performed by descriptive analysis, with numerical variables expressed as mean Ϯ standard deviation (SD). The Pearson's chi-square test was used for exploratory analysis of each variable collected and ADRs.
The binary logistic regression was performed to estimate the probability of developing overall ADRs or ADRs that caused BZN treatment to be discontinued. All variables for which the P value in a likelihood ratio test was lower than 0.10 were included in a stepwise logistic regression model, with a subsequent P value smaller than 0.05 required for inclusion in the final model. The Hosmer and Lemeshow test was used to show how adequately the model fits the data (29) . Odds ratios (ORs) and their respective 95% confidence intervals (CIs) were also estimated. The predictive ability of the LR models was assessed by the area under receiver operator characteristic (ROC) curves.
EpiData (30) , Software R 2.14 (31), and the Statistical Package for the Social Sciences (SPSS) 16.0 software (SPSS Inc., Chicago, IL) were used for data entry and analysis, respectively. Differences were considered significant at P values of Յ0.05.
RESULTS
Patient characteristics.
The majority of the patients included in the study were male, with ages ranging between 20 and 40 years. Most of them self-reported their race as white and graduated from elementary school (Table 1) .
Most patients used 200 mg/day of BNZ and achieved the proposed length of treatment (Ն60 days). Ninety-five patients (48.7%) presented ADRs that were attributed to BZN treatment. Of those, 61 patients (31.3%) interrupted their treatment due to ADRs. Treatment was restarted in 18 patients who succeeded in completing their treatment. However, 43 patients (22%) did not complete their treatment due to ADRs. There was only one serious ADR event (Stevens-Johnson syndrome) and there was no death related to BZN treatment.
Comparison of population characteristics in patients with and without ADRs. The frequency of overall ADRs was significantly higher among women and in those patients who graduated from elementary school. On the other hand, black individuals presented fewer overall ADRs related to BZN treatment. The daily dose of BZN or the use of other drugs before beginning BZN treatment did not increase the risk of ADRs related to BZN treatment ( Table 1 ). The frequency of ADRs that caused BZN treat- ment to be discontinued was also higher among women and those who graduated from elementary school. There was also a tendency for ADRs that caused BZN treatment to be discontinued to occur less frequently among black individuals ( Table 2) .
The most common ADRs in order of frequency were skin disorders, gastrointestinal complaints, and nervous system disorders (Table 3) . Regarding the frequency of specific ADR categories among subgroups, cutaneous rash (P ϭ 0.03) and gastrointestinal 
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Resistance mechanisms disorders complains (P ϭ 0.04) were more common among women than men, skin and appendage disorders tended to be less frequent in blacks than in individuals from other races (P ϭ 0.07), and pruritus (P ϭ 0.007) and general disorders (P ϭ 0.04) were more common among individuals who graduated from elementary school than among other subgroups ( Table 3) . Prediction of overall ADRs. The variables associated with overall ADRs at P Ͻ 0.05 (sex, schooling, and race) and age were included in the LR model. These variables were retained in the stepwise regression model and were also included in the final LR model. A goodness-of-fit test (Hosmer and Lemeshow) demonstrated a good performance of the model (P ϭ 0.87). Based on LR model results, the following variables were considered to predict overall ADRs: female sex (OR, 2.9; 95% CI, 1.5 to 5.4), graduation from elementary school (OR, 2.0; 95% CI 1.1 to 3.8), and white (OR, 5.0; 95% CI, 1.0 to 24.1) and mulatto (OR, 5.6; 95% CI, 1.1 to 28.7) races (Table 4 ). The area under the ROC curve, which assesses the ability of the LR model to predict overall ADRs, was 0.71 (95% CI, 0.64 to 0.78) (Fig. 1) .
Prediction of ADRs that caused BZN treatment to be discontinued. A second LR model to predict ADRs that caused BZN treatment to be discontinued was built using the same variables used in the LR model to predict overall ADRs. A goodness-of-fit test (Hosmer and Lemeshow) demonstrated a good performance of the new model (P ϭ 0.998). Based on LR model results, only female sex predicted ADRs that caused BZN treatment to be discontinued (OR, 2.3; 95% CI, 1,2 to 4.3). Graduation from elementary school also presented a tendency to predict ADRs that caused BZN treatment to be discontinued (OR, 1.8; CI 95% 0.9 to 3.6) ( Table 5 ). The area under the ROC curve, which assesses the ability of the LR model to predict ADRs that caused BZN treatment to be discontinued, was 0.67 (95% CI, 0.59 to 0.75) (Fig. 2) .
DISCUSSION
Even today, the World Health Organization estimates that there are 10 million individuals living with chronic Chagas disease throughout the world (32) . If the international guidelines that advocate the use of BZN among adults with chronic disease (16) (17) (18) are to be followed, strategies to improve compliance to BZN treatment and minimize ADRs related to BZN treatment should be developed. As more than 30% of patients treated with BZN present ADRs during their treatment (19, 20) , the risk score presented in this paper is an important tool to predict the occurrence of ADRs and allow the establishment of strategies to minimize their consequences and improve compliance.
BZN is a 2-nitroimidazole which acts by a reductive stress mechanism that involves the covalent modification of macromolecules by nitroreductive intermediates (33) and by the synthesis inhibition and increased degradation of DNA, RNA, and proteins by interacting with topoisomerases (34) . However, these same mechanisms are believed to be involved in BZN host toxicity (35, 36) . Moreover, the exact mechanisms involved in the hypersensitivity related to BZN are difficult to identify and may be mediated either by IgE-or non-IgE-dependent pathways (37) . Recently, the same complexity in understanding immunological mechanisms was reported for drug allergy; however, race and genetics are increasingly appearing to be important in the predisposition to certain types of drug allergies (38, 39) .
In the present study, we used four different variables in LR models to predict the occurrence of overall ADRs and ADRs that caused BZN treatment to be discontinued. Schooling, sex, and race were included due to their association with the occurrence of overall ADRs, while age was included because of its clinical relevance (22) . From these variables, race showed the greatest association, because black individuals presented a much lower incidence of overall ADRs than other individuals. Women and individuals with increased levels of education presented higher incidences of both overall ADRs and ADRs that caused BZN treatment to be discontinued than other individuals. Regarding specific ADRs, there was a strong tendency for skin disorders to be less frequent in black individuals than in individuals from other races. Therefore, genetic differences may play a role in the mechanisms involved in the hypersensitivity related to BZN. However, more studies are needed to investigate the physiological mechanisms involved in the lower percentage of ADRs related to BZN in black individuals. Women presented a higher incidence of ADRs than did men, supporting the findings of previous studies (19, 40, 41) and the inclusion of sex as one of the variables of our prediction model. We and others (42) reported that the specific ADR categories that were more common in women than men were cutaneous rash and gastrointestinal complaints. The higher prevalence of ADRs in women may be attributed to their higher compliance to treatment and metabolic alterations due to hormone levels (38) . Regarding age, almost all ADRs occurred in the group of patients between 20 and 40 years old. This result is in accordance with recent findings presented by Lobo et al. (43) , in which a greater incidence rate of ADRs was observed in adults than in children and older patients (61.0% versus 18.9% and 20.0%, respectively; P ϭ 0.0001) in a cohort of hospitalized patients at a tertiary care hospital in Northern Brazil. However, previous studies have shown a higher incidence of ADRs related to BZN in elderly patients (14) , while a low incidence of ADRs was described for children and adolescents (44) (45) (46) . As our study did not include individuals older than 65 years, this could explain the higher incidence of ADRs found by us among adults. Finally, schooling was also an important variable related to the occurrence of ADRs that was included in our prediction model. Both pruritus and general disorders were more common among individuals who graduated from elementary school than among other individuals, and an increased educational level may increase the probability that the patient will report their ADRs to their physicians.
In this study, we developed two LR models that demonstrated good performance for prediction of the occurrence of overall ADRs due to BZN or ADRs that caused BZN treatment to be discontinued in patients with Chagas disease. The development of clinical prediction models may assist physicians and researchers to understand factors associated with ADRs, as well as their prediction and prevention (47, 48) . The identification of patients with a high probability of development of ADRs due to BZN may affect decision making in regard to the prescription of BZN to patients with chronic Chagas disease and identification of patients who need additional advice regarding the risks of BZN treatment and instructions on how to manage side effects if they occur (49) . In this setting, active pharmaceutical care can be offered for the clinical management of patients at a high risk for the development of ADRs, which may improve patient compliance with treatment and decrease BZN treatment interruption (50) .
Limitations. The retrospective design of this study restrained the quality of the results obtained. Another limitation was that the sample size of this study did not allow the validation of our logistic model. However, the variables associated with ADRs included in our prediction model were also found by others to be related to ADRs due to BZN (19, 45) . The percentage of BZN treatment interruption described by us is higher than the percentage observed by Viotti et al. (19) , but it is similar to the percentage of interruption described for other studies conducted in Brazil (21) .
Another limitation of our study was that the BZN dose was not standardized at the time most of the patients were treated. In consequence, most patients used a fixed BZN dose of 200 mg/day, which is below the current recommended BZN dose of 5 mg/kg/ day. However, we and others (42) found no difference in the incidence of ADRs between individuals using suboptimal doses (Ͻ5 mg/kg/day) and those using the current recommended doses (5 mg/kg/day) of BZN, reinforcing the finding that BZN dose does not have an effect on the incidence of ADRs.
Also, our results should be applied only to adult populations, as only 6 patients in this study were younger than 19 years old.
Conclusions. The occurrence of both overall ADRs and ADRs that cause BZN treatment to be discontinued can be predicted by logistic regression models for patients with Chagas disease. Overall, ADRs were more common among women and in those who graduated from elementary school and less frequent among black individuals. ADRs that caused BZN treatment to be discontinued were more common among women and those who graduated from elementary school. There was also a tendency for ADRs that caused BZN treatment to be discontinued to be less frequent among black individuals. The two prediction models developed in the present study may become important tools to assist physicians in clinical practice to treat patients with Chagas disease with BZN. The identification of those patients with a high risk for the development of ADRs may allow the establishment of strategies to minimize ADR incidence and consequences and improve patients' compliance. This would result in a higher proportion of patients adequately treated with BZN, with a consequent improvement in the benefit generated by BZN treatment.
